Supporting Information Toward Controlled Hierarchical Heterogeneities in Giant Molecules with Precisely Arranged Nano-Building Blocks
in CDCl 3 at δ 7.27 ppm, and 13 C NMR spectra were referenced to the solvent peak of CDCl 3 at δ 77.00 ppm, respectively. Infrared spectra were measured on an Excalibur Series FT-IR spectrometer (DIGILAB, Randolph, MA) by drop-casting sample films on a KBr disk from THF solution (~10 mg/mL).
UV-Vis absorption spectra were measured using Ocean Optics, Inc. Chem2000 UV-Vis spectrophotometer. The concentration is about 10 -4 mol/L in CHCl 3 .
Gel permeation chromatography (GPC) were measured at 35 °C on a Waters 150-C Plus instrument with three HR-Styragel columns [100 Å, mixed bed (50/500/10 3 /10 4 Å), mixed bed (10 3 ,10 4 ,10 6 Å)] and a triple detector system (a refractometer, a 670 nm laser light scattering detector and a differential viscometer). The flow rate of THF was 1.0 mL/min. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra were measured on a Bruker Ultra flex III TOF/TOF mass spectrometer under reflective mode for small molecules and linear mode for polymer molecules.
Samples for Small angle X-ray scattering (SAXS) were prepared by thermal annealing under N 2 atmosphere at 120 o C to 150 o C for several hours. The experiments were recorded on a micromax003+ machine. The wavelength of the X-ray is 0.154 nm. The working voltage is 55 kV and current is 0.6 mA.
A Reichert Ultracut S (Leica) microtome was used to make the thin slices of bulk samples for TEM experiments. Bright field TEM images were collected on a JEOL-1230 TEM with an accelerating voltage of 120 kV.
Calculation of volume fractions in the giant molecules:
where M DPOSSS = 1.5 kg/mol, M PS = 14 kg/mol, 8.5 kg/mol or 2.8kg/mol, ρ DPOSS = 1.43 g/cm 3 , n is the number of POSS heads. The same formula can be utilized to calculate the v f POSS in PS m -(HPOSS) n by applying M HPOSS = 1.3 kg/mol and the measured density of ρ HPOSS = 1.28 g/cm 3 . Calculation of number of molecules in one aggregated DPOSS sphere in BCC
For PS 135 -DPOSS,the distance between two neighboring DPOSS spheres is 12.3 nm; while the DPOSS core diameter is (6.4 ± 0.4) nm and the PS tail matrix between two spheres is (5.9 ± 0.4) nm.
Calculation of number of molecules of one DPOSS thickness (h=1.4 nm) in HEX
Taking PS 135 -(DPOSS) 2 as an instance, the cylindrical core sizes are (7.6 ± 0.4) nm and the PS matrices are (10.2 ± 0.4) nm along the distance between two centers of the neighboring cylinders. We thus can estimate that there are roughly 14 DPOSS cages closely packed in a unit volume with one DPOSS thickness (1.4 nm) along the long cylinder axis Calculation of cross-section area of each PS chain in the lamellae
Cross-section area of DPOSS (diameter = 1.4 nm) and HPOSS (diameter = 1.2 nm)
A DPOSS = πr DPOSS 2 = 1.5 nm , approximately twice that of DPOSS cages (∼1.5 nm 2 ). A plausible packing model is thus proposed that the linearly configured DPOSS cages are along the layer normal, yet the head-to-head alignment is interdigitated to pack the molecules into one and a half layers. Other LAMs of PS 83 -(DPOSS) n and PS 135 -(DPOSS) n (n = 3, 4, and 5) are also packed in this lamellar model. Specifically, the observed DPOSS layer thicknesses for all of these giant molecules are proportional to the number of DPOSS cages in each of these giant molecules along the lamellar normal.
There is another kind of LAM packing model in the case of, e.g., PS 27 -DPOSS with v f POSS = 0.37. Its overall long period is 8.08 nm, while the DPOSS lamellar thickness is (3.0 ± 0.3) nm and the PS layer thickness is (5.08 ± 0.3) nm. Comparing the cross-section areas of DPOSS (∼1.5 nm 2 ) and PS 27 (~1.7 nm 2 ), there is only a minor difference between these two cross-section areas, which suggests that the PS tails are perhaps slightly stretched along the layer normal. Therefore, a simple head-to-head arrangement of double layered DPOSS and PS domains is evoked.
Calculation of number of molecules in inversed HEX:
For, PS 27 -(DPOSS) 3 , PS 27 -(DPOSS) 4 and PS 27 -(DPOSS) 5 , the PS tails are now located within the columnar cores and the DPOSS cages are in the matrix. Since their PS tails in these three samples are the same, the sizes of the cylindrical cores for these S4 three samples are almost identical ((7.0 ± 0.3) nm). We can thus calculate that the number of PS tails in a unit volume with one DPOSS thickness (1.4 nm) along the long cylinder axis to be ∼12. The sizes of DPOSS matrices are (4.3 ± 0.2) nm, (5.1 ± 0.2) nm and (6.9 ± 0.4) nm, respectively, along the distance between two centers of the neighboring cylinders. Comparing these sizes with those in the interdigitated packing model in the LAM structure, we speculate that the DPOSS cages are also packed in a relatively stretched and partly interdigitated way.
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Scheme S1. Syntheses of (a) linear PS-(HPOSS) n and PS-(DPOSS) n and (b) PS-(XPOSS) n
Synthetic Procedures
HO-2N 3 (1).
To a solution of 4-(azidomethyl)benzoic acid (708 mg, 4.00 mmol), 1,1,1-tris(hydroxymethyl)ethane (240 mg, 2.00 mmol), 4-dimethylaminopyridine (DMAP)) (48 mg, 0.40 mmol) in anhydrous CH 2 Cl 2 , N,N'-diisopropylcarbodiimide DIPC) (504 mg, 4.00 mmol) was added dropwise at 0 o C in ice-water bath. The solution was then stirred at ambient temperature for 12 h. The precipitate was filtered and the filtrate was washed with water and dried by anhydrous Na 2 SO 4 . After solvent removal, the residue was purified by a silica gel column (CH 2 Cl 2 / ethyl acetate = 10/1) to afford the product (481 mg, 1.10 mmol) in 55% yield. 1 
FPOSS-diOH (4c). White solid (Yield 70%
General procedure for synthesizing HO-XPOSS-CHO.
To a solution of XPOSS-diOH (1.0 eq), 4-formylbenzoic acid (0.9 eq) and DMAP (0.1 eq) in anhydrous CH 2 Cl 2 , DIPC (2.0 eq) was added dropwise at 0 o C. The solution was then stirred at ambient temperature for 12 h. The precipitate was filtered and the filtrate was washed with water and dried by anhydrous Na 2 SO 4 . After solvent removal, the residue was purified by a silica gel column (CH 2 Cl 2 for HO-BPOSS-CHO, CH 2 Cl 2 / ethyl acetate = 30/1 for HO-tBuAPOSS-CHO and HO-ClPOSS-CHO) to afford the product. 
HO-BPOSS-CHO (5a). White solid (Yield 45%
HO-FPOSS-CHO (5c). Colorless viscous liquid (Yield 45%
General procedure for synthesizing DIBO-XPOSS-CHO.
To a solution of HO-XPOSS-CHO (1.0 eq), DIBO-COOH (1.0 eq) and DMAP (0.1 eq) in anhydrous CH 2 Cl 2 , DIPC (2.0 eq) was added dropwise at 0 o C. The solution was allowed to warm up to ambient temperature and stirred for 12 h. The precipitate was filtered and the filtrate was washed with water and dried by anhydrous Na 2 SO 4 . After solvent removal, the residue was purified by a silica gel column (CH 2 Cl 2 for HO-BPOSS-CHO, CH 2 Cl 2 /ethyl acetate = 30/1 for HO-tBuAPOSS-CHO and HO-ClPOSS-CHO) to afford the product. General procedure for synthesizing PS-(DPOSS) n . PS-(VPOSS) n -N 3 , 2 e.q. of 1-Thioglycerol to vinyl group and 0.03 eq of photoinitiator Irgacure 2959 were dissolve in THF. The solution was illuminated under 365 nm UV light for 10 min before precipitated into methanol/water 1:5. The products were collected by filtration. Figure S6 . FT-IR spectra of PS 135 -(XPOSS) n -N 3 , PS 135 -(XPOSS) n -CHO and their zoom-in spectra.
DIBO-BPOSS-CHO (6a). White solid (yield 75%
DIBO-FPOSS-CHO (6c). Light yellow viscous liquid (yield 80%
S18 Figure S7 . SAXS profiles of PS 135 -(HPOSS) n , PS 135 -(DPOSS) n , PS 135 -G1-(HPOSS) 3 , PS 83 -(DPOSS) n and PS 135 -G2-(HPOSS) 7 and PS 27 -(DPOSS) n .
